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1An Old Language for a New Landscape
Stephen Perry, Rob Reeves and Jeannie Sim
ABSTRACT: Because aesthetics can have a profound effect upon the human relationship to the non-
human environment the importance of aesthetics to ecologically sustainable designed landscapes has been
acknowledged. However, in recognition that the physical forms of designed landscapes are an expression
of the social values of the time, some design professionals have called for a new aesthetic ― one that 
reflects these current ecological concerns. To address this, some authors have suggested various
theoretical design frameworks upon which such an aesthetic could be based. Within these frameworks
there is an underlying theme that the patterns and processes of natural systems have the potential to form a
new aesthetic for landscape design —an aesthetic based on fractal rather than Euclidean geometry.
Perry, Reeves and Sim (2008) have shown that it is possible to differentiate between different landscape
forms by fractal analysis. However, this research also shows that individual scenes from within very
different landscape forms can possess the same fractal properties.
Early data, revealed by transforming landscape images from the spatial to the frequency domain, using the
fast Fourier transform, suggest that fractal patterning can have a significant effect within the landscape. In
fact, it may be argued that any landscape design that includes living processes will include some design
element whose ultimate form can only be expressed through the mathematics of fractal geometry.
This paper will present ongoing research into the potential role of fractal geometry as a basis for a new
form language – a language that may articulate an aesthetic for landscape design that echoes our
ecological awakening.
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Introduction
To see a World in a Grain of Sand
And a Heaven in a Wild Flower
Hold Infinity in the Palm of your hand
And Eternity in an hour
(William Blake 1757-1827)
Habitat destruction, species extinction, droughts, flooding and other ‘natural’ disasters now seem
commonplace items of news and emphasise that our species needs to live in a way that minimises
our ecological impact on our home – planet Earth. This is not a new idea. The realisation that
Western attitudes towards the non-human environment were a cause for concern, was articulated
in Aldo Leopold’s powerful and beautiful book A Sand Country Almanac, first published in 1949
(Leopold, 1989).
Today, our concept of sustainability, in the context of the landscape design, is based on the
definition of sustainable development contained within the report of the United Nations World
Commission on Environment and Development (UNWCED, 1987). This report defines
sustainable development, as development which ‘meets the needs of the present without
compromising the ability of future generations to meet their own needs.’ As well as being
anthropocentric, this definition assumes that the long term future consequences of any actions we
take today can be predicted based on known starting conditions. The inherent risk of taking this
position is demonstrated by the unforeseen collapse of global financial systems in 2008-2009.
The growth of global environmental movements based on more eco-centric theories, has led to a
2shift in moral philosophy that now challenges one of the underlying principles of the Western
value system. In the past, it was thought that morality was a strictly human quality. As a
consequence no moral, or ethical, principle existed to stop humanity from behaving in any way it
deemed fit towards the non-human world (Hay, 2002, p. 17). Today this is increasingly seen as
unjustifiable.
An underlying change in moral philosophy and the concept of ecological sustainability was a
powerful combination of ideas that drove the call for a new landscape aesthetic based on
ecologically sustainable design ― or as Catherine Howett so aptly said when discussing the 
future forms of designed landscapes, ‘Surely these new forms must reflect the awakening of our
generation to ecological consciousness and the growing popular understanding of the degree to
which the natural world is, in Aldo Leopold’s words — interlocked in one humming community
of co-operations and competitions, one biota. (Howett, 1987, p. 6).
An Ecological Aesthetic
Over the last few years, an awareness of the importance of aesthetics to ecologically sustainable
designed landscapes has been growing (Nassauer, 2002; Richards, 2001). Aesthetics is not about
art or superficial embellishment, but can be considered as an alternative way of knowing, that can
have a profound effect upon our relationship with the non-human world. This view of aesthetics
is based on the original definition of the term proposed by the German philosopher, Alexander
Baumgarten (1714-1762), in the 18th century. He defined aesthetics as the study of what he
termed ‘sensory cognition’ ― or how sensory information is turned into a conscious experience 
linked to the generation of emotion (Goldman, 2001; Seeley, 2005).
A review of the complexity of aesthetic theories and their associated philosophies makes it clear
why a practical realisation of an ecological aesthetic for landscape design has been elusive1.
However, in the later part of the 20th Century, some authors suggested various frameworks upon
which such an aesthetic might be based (Baird, 2002; Howett, 1998; Koh, 1988; Mozingo, 1997;
Nassauer, 2002; Spirn, 1988). Within many of these frameworks there is an underlying theme ― 
the space-time patterns of natural systems and processes may form the basis for a new aesthetic
for sustainable landscape design. However, Thayer makes it clear that our current visual and
spatial design languages cannot articulate the complexity of sustainable systems (Thayer, 1989).
Koh examined this problem and recognised that, ‘An ecological theory of environmental design
must be based on ordering principles in nature and on human perception and cognition’ (Koh,
1988, p. 180).
Christopher Alexander expanded on this concept when he stated that ‘Our world is dominated by
the order2 we create’ (Alexander, 2002a, p. 1). He argued that even though we create order
through the act of building, we do not really understand what order is and that we need a much
better understanding of the ‘deep geometric reality of order’ to enable us to design and build
human systems that create sustainable life3 (Alexander, 2002b). As part of his search for a unified
theory of order, Alexander identified 15 fundamental properties, of which many are strongly
related to the forms and patterns found in natural systems and processes4. These forms and
1 For a comprehensive overview of aesthetics see The Routledge Companion to Aesthetics (Gaut & Lopes, 2003)
2 The term ‘order’, in this context, refers to the order created through the act of building.
3 Alexander’s definition of life is far broader than the normal definition applied to living biological systems and
encompasses the idea that all structure, both organic and inorganic, in the universe has life to a varying degree.
4 See for example his discussions on the properties of Levels of Scale, Strong Centers, Boundaries, Positive Space,
3patterns are directly related to the ‘Nature’ that Alexander Pope (1688-1744), in his Epistle to
Lord Burlington, felt should ‘never be forgot’ (Hunt & Willis, 1988, p. 212). It is the
understanding of the mathematical properties of these natural forms and patterns that now
illuminates the path towards a new aesthetic.
The Language of Nature
Throughout history natural forms have been used as inspiration for design in art, music,
architecture and landscape. However, until the later part of the 20th Century, it was not
understood that many natural forms and processes possess a common ordering characteristic
described by the mathematics of fractal geometry ― now commonly referred to as the language 
of nature. It was the growth in understanding of this form of mathematics, that enabled some
authors to suggest that fractal geometry could play a role in developing new forms for sustainable
landscape design (Baird, 2002, p. 9; Spirn, 1988, p. 112).
Fractal Geometry
Benoit Mandelbrot, in his book The Fractal Geometry of Nature was the first to describe the
properties of fractal geometry (Mandelbrot, 1977), although many people had studied
mathematical precursors to this through their work in the field of Chaos Theory (Gleick, 1998).
What is now understood is that many natural systems, entities and processes have an underlying
order that displays a property known as scale invariance or self-similarity. Most simply, scale
invariance can be identified where features within a pattern are repeated across different scales of
magnification. The Serpinski Triangle, shown in Figure 1 below, demonstrates this concept.
Figure 1: The Serpinski Triangle to Four Iterations
The Serpinski Triangle is named after the polish mathematician Waclaw Serpinski who described
its properties in 1916. It is formed by drawing an equilateral triangle, then repeating this figure
but using the mid-points on the sides of the original triangle as the vertices. This process can be
continued for an infinite number of iterations. Within the triangle it can be seen that all the
patterns are identical in form ― they are scale invariant.
It is interesting to note that although the Serpinski Triangle was not described mathematically
until 1916, its form was used in paving design as early as the 1100s in Italy (Figure 2).
Good Shape, Local Symmetries, Gradients and Roughness
4Figure 2: Part of the Tiled Floor of the Church of St Maria, Rome.
(Williams, 1997) (Permission to use this image has been applied for)
Mathematical fractals can be considered as ideal fractals because they exhibit scale invariance
across all scales of magnification. However, the patterns that occur in nature are not
geometrically identical but are statistically similar. This underlying property can be seen, for
example, when looking at the structure of the bark of a Corymbia tessellaris tree, or the patterns
in sand left by flowing water as shown in Figure 3. These patterns have an overall similarity
within themselves, but they are not geometrically identical when viewed at different scales.
However, over a certain range of scales the same fundamental pattern relationships are
encountered, therefore, these natural patterns can be classified as having statistical self-similarity.
3a: Bark of Corymbia tessellaris 3b: Sand Erosion
Figure 3: Natural Fractal Patterns
The scale invariance of a fractal pattern is described by a characteristic number known as the
fractal dimension (D). The fractal dimension can be considered a value that describes the level to
which a pattern or structure exceeds its base Euclidean dimension5 to fill the next Euclidean
dimension. For example, a figure like the Serpinski triangle has a fractal dimension between 1,
corresponding to a line, and 2, corresponding to a planar surface. It may be thought of as a line
folded and re-folded upon itself, trying to fill up two dimensions but never managing to do so. In
general, the more completely the line fills up the two dimensions, the closer its fractal dimension
will be to 2. Furthermore, a fractal surface will have a fractal dimension between the Euclidian
dimensions of 2 and 3. It can be argued that the three Euclidean dimensions are therefore a sub-
set of the infinite number of fractal dimensions that exists.
5 In Euclidean geometry, an object can be 1 dimensional, consisting of length, without width or height, 2
dimensional, consisting of length and width but without height or 3 dimensional consisting of length, width and
height.
5Landscapes of Preference
There has been a considerable amount of research undertaken on people’s preferences for
different landscape types. The results of this research tend to indicate that people have a
preference for landscapes designed as naturalistic, over purely natural landscape forms and over
landscape forms based on rigid linear geometric properties (Kaplan, 1982; Purcell, Peron, &
Berto, 2001; Simonic, 2003). Purcell et al, in their discussion, suggested that this difference in
preference might be associated with the fractal properties of the preferred landscapes. Other
research in this area has suggested that humans prefer images with a mid-range fractal dimension
(Spehar, Clifford, Newell, & Taylor, 2003). In parallel with this work, research in the fields of
psychology and neuroscience indicate that neuronal activity within the human brain is non-linear
and may be modelled using non-linear mathematical fractals (Cormac, 1996). Similarly, it has
been postulated that there might be fractal-like process in the brain that assist in interpreting the
visual texture patterns of the environment (Stamenov, 1996).
It has now been demonstrated that it is possible to differentiate different landscape forms by their
overall fractal dimension (Perry, Reeves, & Sim, 2008). However, what this research has also
shown is that individual scenes from within very different landscapes can posses the same fractal
dimension. Although a statistically valid result, it does not completely resolve how fractal
geometry can be used in the development of an ecological aesthetic. To further investigate the
characteristic visual patterns of landscape images we turn to the Fourier transform.
The Fourier Transform as Indicator of Landscape Structure
The method used to determine the fractal dimension of an image in this research is based on the
Fourier Transform, which transforms the image from the visual spatial domain to the spatial
frequency domain6. The Fourier Power Spectrum represents the magnitude of the frequencies
present in the spatial domain. The Fourier Power Spectrum is composed in such a way that the
zero frequency value F(0,0) is placed in the center of the image and the further away from the
center a frequency point is, the higher it’s corresponding spatial frequency. Figure 4 shows this
analysis for two very simple line images.
Spatial Image Fourier Transform Image
4a: Horizontal Lines
6 For a discussion on the Fourier Transform and its application in measuring the fractal dimension of images see
Perry et al 2008
64c: Vertical Lines
Figure 4: Fourier Power Spectrum for Simple Images
In Figure 4a the regular pattern of repeated horizontal lines gives rise to vertical frequency
components. In contrast, the vertical lines, shown in Figure 4b, give rise horizontal frequency
components. Here, the sharp contrasts give rise to many horizontal frequency components, but
the vertical orientation of the lines does not produce any vertical frequency components. The net
effect is a horizontal line on the power spectrum. Note that each Fourier Power Spectrum is
symmetrical about F(0,0). This means that the 1st and 3rd quadrants are always the same, as are
the 2nd and 4th.
Analysis of different landscape types has shown that the Fourier Power Spectrum for natural
environments tends to be relatively isotropic7 – i.e. the frequency points are evenly distributed
over the Fourier Power Spectrum (Figure 5). In contrast, the Fourier Power Spectrum for urban
environments tends to be anisotropic8 – this means that there are very strong directional lines that
indicating some form of organised structure within the spatial image (Figure 6).
Figure 5 contains four images of natural landscapes and their corresponding Fourier Power
Spectrum.
5a: D = 2.665
7 Isotropic – The same in all directions
8 Anisotropic – Different in different directions
75b: D = 2.357
5c: D = 2.387
5d: D = 2.569
Figure 5: Fourier Power Spectrum for Natural Scenes
Figure 6 shows four highly urban images and their corresponding Fourier Power Spectrum
6a: D = 2.416
86b: D = 2.415
6c: D = 2.414
6d: D = 2.442
Figure 6: Fourier Power Spectrum for Urban Scenes
The difference in the structure of the Fourier Power Spectrum for each landscape type is very
easy to see.
Perry, Reeves & Sim (2008) have shown that natural landscapes tend to have a higher fractal
dimension than urban landscapes. However, it can be seen in Figure 7 that even when a natural
scene has a fractal dimension in the range normally associated with urban forms, its Fourier
Power Spectrum is still relatively isomorphic. Similarly, the Fourier Power Spectrum of the
urban scene, with very limited natural forms, having a fractal dimension in the range normally
exhibited by natural landscape, is anisotropic. These results are reproducible over the analysis of
more than 100 natural and 100 urban images analysed to date. This suggests that the Fourier
Power Spectrum in combination with the fractal dimension is better able to distinguish between
landscape forms than either in isolation.
97a: D = 2.388
7b: D = 2.514
Figure 7: Fourier Power Spectrum for Natural Scenes with Low Fractal dimension and Urban Scenes with High
Fractal dimension
The ongoing Fourier analysis of images as part of this research has revealed some interesting
observations.
Curvilinear Forms in an Urban Setting
Image 8a and 8b, shown below, have a similar content and perspective. The Fourier Power
Spectrum for 8a is more structured than the Fourier Power Spectrum for 8b, probably reflecting
the linear geometry of the building. Although not definitive, it could be inferred that the
curvilinear form of the building and the road in 8b results in a more isotropic Fourier frequency
distribution giving the Fourier Power Spectrum a structure that is similar to the Fourier Power
Spectrums for natural landscapes.
8a: D = 2.577
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8b: D = 2.518
The Effect of Natural Forms on the Urban Landscape
Figure 9 illustrates the possible effect on the Fourier Power Spectrum of urban forms when
natural, and hence more fractal, objects are placed within the landscape.
9a: D = 2.403
9b: D = 2.441
Figure 9: Effect Natural Forms on Rigid Linear Structures
Here we see similar urban scenes with a strong one-point perspective form. The Fourier Power
Spectrum of Figure 9a can be seen to have a defined anisotropic structure, probably due to the
strong linear geometry of the road and built form. However, although the road and building form
in Figure 9b has a similar strong linear form and perspective, the structure of the Fourier Power
Spectrum is similar to the Fourier Power Spectrums for natural landscapes. Here it could be
inferred that this communicates, in the frequency domain, the design concept of ‘softening the
built form through planting’.
It is acknowledged that trees in the urban landscape have a considerable modifying effect on the
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local microclimate. It is also acknowledged that street trees create a more ‘pleasant’ urban
environment. Is it possible that the changes they make to the composite Fourier Power Spectrum
have a modifying effect on how we perceive that environment?
Discussion
In her paper examining sources of inspiration for a new landscape aesthetic, Catherine Howett
suggested that Frederick Law Olmsted’s vision of the idyllic pastoral park is still a powerful
influence on landscape design today (Howett, 1987, p. 3). She argues that perhaps Olmstead’s
design forms ‘answer some need in us to experience nature transformed’. This echoes the
findings discussed earlier; that people have a preference for landscapes that are designed as
naturalistic.
Figure 10 below shows a series of images from Regents Park in London. The design form of this
park is a precursor to the idyllic pastoral park form attributed to Olmstead.
10a: D = 2.508
10b: D = 2.639
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10c: D = 2.602
10d: D = 2.618
Figure 10: Images of Regents Park, London
In these images it can be seen that Nature has been humanised. It is a constructed nature,
composed of a Euclidean geometry overlaid on natural fractal forms. However, it can also be
seen that the corresponding Fourier Power Spectrums still exhibit an isomorphism similar to the
analysis of purely natural landscapes.
In his work on cognition and the environment, Stephen Kaplan put forward several properties that
an environment should possess for it to be preferred (Kaplan, 1982). The most important of these
were Coherence, Complexity, Content, Legibility and Mystery. The images in Figure 11
demonstrate these ideas for three different landscape forms.
11a: Path Through Natural Bushland, Hervey Bay D = 2.636
11b: Path Through Roma Street Gardens, Brisbane D = 2.620
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11c: Path in Brisbane CBD D = 2.227
Figure 11: Preference vs Structure
The images above all show a path through a landscape. Analysis reveals that the Fourier Power
Spectrums and fractal dimensions are similar for both the natural and Roma Street Gardens. We
can rate these images in terms of Kaplan’s preference properties and compare them with the
images fractal properties as below.
Preference Properties Figure 11a Figure 11b Figure 11c
Coherence Low High High
Complexity Low Medium Low
Content Natural Modified Natural Urban
Legibility Low High High
Mystery High High Medium
Fractal Properties
Fractal dimension 2.636 2.620 2.227
Fourier Power
Spectrum
Isotropic Isotropic Anisotropic
Table 1: Comparison of Fractal Structure with Preference Factors
This comparison indicates that most people would probably prefer the design aesthetic exhibited
by the image of Roma Street Gardens rather than the natural bushland or the urban environment.
Interestingly, the Fourier Power Spectrum for both the natural landscape and the humanised
natural landscape of the Roma Street Gardens are both isotropic. This raises the question of
whether the fractal and Fourier properties of a landscape could affect its preference rating.
The potential link between the fractal and Fourier structure of an environment and its preference
echoes Steven Bourassa’s tripartite framework for environmental aesthetics. In his book The
Aesthetics of Landscape he proposes that the aesthetic experience of a landscape is composed of
three parts: biological laws, cultural rules and personal strategies (Bourassa, 1991). Given
Bourassa’s framework it can be hypothesised that a landscape that exhibits a high fractal
dimension and a Fourier Power Spectrum similar to a natural landscape might satisfy a biological
law for aesthetic preference. Furthermore, the probable preference for Figure 11b supports
Howett’s arguments that Olmstead’s pastoral park design form ‘answers some need in us to
experience nature transformed’ and that this design from effects our ‘judgement of what is
beautiful or appropriate in the designed landscape’.
Although this research has shown that different landscape forms can be differentiated by their
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overall fractal dimension, this by itself is of limited use as the basis for a new design aesthetic
because it has been shown that there are cases where very different landscape forms can possess
the same fractal dimension. However, what is becoming clear is that the fractal structure of a
landscape, augmented with the Fourier Power Spectrum, points us in a direction worthy of
continued investigation. This may have some links to both Kaplan’s preference properties for a
landscape form and Bourassa’s theory of landscape aesthetics. Perhaps there may also be some
lessons that we can learn from the fractal and Fourier qualities of Olmsted’s idyllic pastoral park.
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